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Cloudless Sky Analysis
Clouds have forever been the bane of eclipse watchers because even a single small cloud can obscure the view at a particular location during the totality of an eclipse, which could last a scant 2 minutes and 40 seconds at the longest in a particular location (only 2 minutes in some locations). However, the 2017 eclipse passes through many U.S. climate zones, increasing the likelihood of clear skies somewhere along the path. The holy grail of eclipse watchers is to set up under clear skies, but that becomes an elusive goal because clouds are among the most difficult weather elements to predict more than a few hours in advance with any certainty. Unfortunately, even a reliable short-term forecast might not suffice because heavy traffic on the day of the eclipse could hinder the travel required to quickly relocate some distance beyond the effects of a weather system.
But given historical climate data, a reliance on the probability of clear skies is an informed starting point for selecting a worthwhile location. The analysis shown here takes a focused statistical approach to determine the likelihood of clear skies at any location along the path of totality for the 2017 solar eclipse. Using explicit cloud data available in the National Solar Radiation Database (NSRDB) from the National Renewable Energy Laboratory (NREL), we selected a narrow sample of data for analysis. In addition to solar irradiance estimates, the NSRDB provides cloud type estimates for much of North America, Central America, and South America at intervals of 0.04° latitude and longitude for each half hour from 1998-2015. Among the cloud type values designated in the NSRDB are "clear" and "probably clear," which are wellsuited to the needs of eclipse watchers.
For this analysis to account for the average 3-day life cycle of large weather systems, we chose the three half-hour designations closest to the actual local eclipse times for the 5 days on either side of August 21 for each of the 18 years of the NSRDB. The short 1-hour window around the eclipse time is necessary because of the effects of daily weather patterns that exist in many locations. For example, one time of day might be typically clear, but the sky might become cloudy 2 or 3 hours later. This approach helps isolate the effects to the local time of the eclipse. For each pixel (approximately 4 km by 4 km in coverage), approximately 600 values form a sample representing an acceptable range of weather conditions specific to that location. From that pool the frequency of the two clear-sky designations determines a cloudless-sky probability for each pixel.
One captivating feature of a solar eclipse is the appearance of planets and stars during totality. As with nighttime viewing of stars, the more clear the atmosphere, the greater the number of other celestial objects that will be visible during totality. Because atmospheric components other than clouds, such as water vapor and aerosols, can affect atmospheric clarity, we extracted the coincident direct normal irradiance (DNI) solar values from the NSRDB. DNI represents sunlight traveling directly from the sun through the atmosphere. The magnitude of the DNI in cloudless skies provides some measure of atmospheric clarity, which can serve to characterize atmospheric conditions at the time of the eclipse for each pixel location. Toward this end, we provide the average DNI specific to cloudless conditions as another factor to consider when choosing a viewing location.
Illustrating Analysis Results
The August 21 cloudless-sky probabilities for the contiguous United States are mapped in Figure  1 . The path of totality, 1 which is of greatest interest to serious eclipse watchers, is shown by the dashed lines. The total eclipse occurs only within the bounds of this path. The longest duration of the eclipse will occur along the center line of the path of totality, which is shown on the map as a solid line. Figure 2 shows the path of totality shown in Figure 1 , but it also includes a corresponding graph of cloudless-sky probabilities and average DNI profiles by longitude along the centerline of totality. Using this information, eclipse watchers can find coincident occurrences by region of high probability for cloudless skies with high DNI to optimize the search for a viewing location. The most important factor by far in this analysis is the probability of cloudless skies, which should be the primary consideration when selecting a site. High DNI, representing atmospheric clarity, is a secondary concern. 
Understanding the Results
Although interpreting the eclipse maps is straightforward, applying the information to find the best viewing location must be accompanied by strong caveats. Not the least of these caveats is that the clear-sky probability for any location is rendered irrelevant by actual conditions as the moment of totality approaches. For most pixels, the sample cloud values in this analysis range from overcast to clear, hence any sky condition is possible at any location. Thus, these probabilities are not a guarantee or a forecast, and in the final analysis there is no arguing with the weather! However, if an eclipse watcher has the flexibility to travel on or before the eclipse day, these maps could help them select a primary viewing location and several alternatives. As the day of the eclipse approaches, these maps, coupled with short-range weather forecasts, can provide useful location information to maximize the likelihood of viewing the total solar eclipse in clear skies.
The National Solar Radiation Database
The source data for this analysis, the 1998-2015 NREL NSRDB, provides industry, academia, and other stakeholders with high-resolution solar irradiance data to support feasibility analyses for photovoltaic and concentrating solar power generation projects. Improved satellite-based solar irradiance models are essential to increasing the deployment of solar energy conversion systems and to understanding system efficiencies of existing installations. In particular, the improved solar resource data will reduce the financial risks presently associated with the design, deployment, and routine operations of utility-scale solar energy conversion systems. NREL, the University of Wisconsin, and the National Oceanic and Atmospheric Administration collaborated to develop a 4-km by 4-km product for the Geostationary Operational Environmental Satellite (GOES) coverage region using the Fast All-Sky Radiation Model for Solar Applications (FARMS) as the underlying radiative transfer model. The NSRDB uses a two-stage scheme to first retrieve cloud properties and then use those properties in FARMS to calculate surface radiation. The project creates a half-hourly, 4-km gridded solar irradiance product of known quality and accuracy for use in the database.
